I:
.... r I I G o oH 0 OH O -smooth, heat stable, granular antigen complex. H = beatlabile, floccular antigen complex. = rough, heat stable, granular antigen complex. He has also pointed out that the flagellar and somatic agglutinins were identical with the: H and O antigens, and that motility was entirely restricted to bacilli giving definite H reactions., No members of the O variety were motile. There ace theoretically, therefore, disregarding the specific and nonspecific dissociation of Andrevges (4),. and aside from the normal motile smooth (OH) form, three possible forms of variants: the nonmotile smooth (O), the motile rough (gtH), and the nonmotile rough (9~). Arkwright (5) has demonstrated the existence of these variant forms of B. paratypkosus A.
I t is obvious t h a t the dissociation phenomenon of the motile paratyphoid group of organisms is more complex than t h a t of nonflagellated forms like B. dysenteriae. T h e simple S and R conception of dissociation does not seem to be adequate to account for the several v a r i a n t forms encountered among the flagellated bacteria.
Smith and Reagh (6) first reported the existence of both motile and nonmotile strains in hog cholera bacillus and demonstrated the difference between flagellar and somatic agglutinins. Their work was soon confirmed b y Beyer and Reagh (7), Orcutt (8) and others.
I n the present investigation observations on the dissociation of the hog cholera bacillus were made b y using a special semi-solid medium. Three distinct variant forms arising from the original " n o r m a l " strain were observed.
EXPERIMENTAL
Hog cholera bacillus XVI obtained from The Rockefeller Institute, Princeton, N. J., was used. The bacteria derived from the characteristic smooth colonies were actively motile and showed the normal biochemical and serological reactions for this type. Single colonies of the motile smooth (MS) form were selected from 3 successive platings to obtain a pure line culture. This culture was then inoculated in meat infusion broth, incubated at 37°C. for several weeks, and plated in semi-solid medium for study.
The semi-solid medium described by Hiss (9) was used. This medium was found to be useful not only for the isolation of the usual motile and nonmotile forms but also for the differentiation of other variants. The medium contains agar 10 gin., gelatine 160 gin. and meat infusion bouillon 2000 cc. The agar was dissolved in 600 cc. of distilled water by boiling for 20 to 30 minutes. Bouillon was added andthe boiling continued for about 10 minutes, during which time, the gelatine was slowly added. Water was added to make up the volume lost by evaporation. The mixture was adjusted to pH 7.4, sterilized in the autoclave for 20 minutes, cleared by sedimentation in an inspissator, and filtered through absorbent cotton at 45°C. The medium was then tubed while hot into large test tubes each containing 15 cc.
This semi-solid medium was inoculated with 0.2 cc. of a suspension of hog cholera bacilli made by adding one loopful of the old broth culture to 30 co. of normal saline solution, and plates were poured. The medium formed a layer approximately 5 rnm, thick. The plates were incubated at 37°C. for 15 to 18 hours and were placed in the refrigerator for about an hour to congeal the medium. They were then examined by holding them above and in front of a Leitz microscope lamp or under the low power lens of a microscope.
Dissodation Forms Encountered
Thus far in the study of colony variation of the typhoid-paratyphoid group, the surface colonies on agar plates have been observed and little attention has been paid to the deep colonies growing in semisolid medium. In the present study, after the broth culture had been kept at 37°C. for about 3 weeks and plated, only the deep colonies which grew in the semi-solid medium were studied. The following forms of deep colonies were observed:
Homogeneous Colonies (Motile Smooth
).--These were large, round, disk-like, transparent colonies with smooth margins and surfaces,-the "normal" type form (Fig. 1 ). The center was as a rule more dense than the periphery, and occasionally appeared as an ill-defined spot. Concentric zones of varying thickness which appeared to be the zones of migration were usually present. Colonies 18 hours old generally measured from 2 to 3 cm. in diameter.
The individual organisms of this form were well-separated and actively motile. They grew in a homogeneous cloud in broth. The growth from an agar slant formed a diffuse suspension when placed in normal saline solution. When grown on the surface of an agar plate, these bacteria formed smooth, round colonies.
This form was designated MS (motile smooth).
Irregular Colonies (Motile Rough).--These forms were irregularly
shaped, and consisted of clumps or clusters of small secondary colonies (Fig. 2) . The characteristics were best observed under low power magnification. Some of the colonies were more or less disk-shaped but the ill-defined margins and surfaces and the presence of clumps of secondary colonies differentiated them from the homogeneous (MS) type. These colonies were much smaller than the homogeneous form, generally measuring from I to 3 mm. in diameter. The bacteria from this form of colony occasionally formed short chains and clumped together. Some of the clumps moved sluggishly as units. Actively motile, individual bacilli were also present. In broth cultures the growth clumped, settled to the bottom and left a clear supernatant fluid. Bacteria from an agar slant culture, when suspended in saline, clumped and precipitated in large membranous flakes.
The colonies formed on the surface of agar plates were rough, granular and irregular, and were larger, under these circumstances, than colonies of the MS, or NS forms.
This form of variant was designated as MR (motile rough).
Compact Colonies (Nonmotile Smooth).--The compact colonies
had the appearance of small dots (Fig. 3) . The average diameter of a colony incubated at 37°C. for,24 hours was from 0.2 to 0.4 mm. Under low power magnification the colonies were yellowish in color.
The surface of the young colonies was smooth, while that of colonies more than 48 hours old was slightly uneven. The bacilli of this form did not clump and were nonmotile. Like the MS bacilli, these produced a homogeneous, cloudy growth in broth and the growth from an agar slant could be easily suspended in normal saline solution. On the surface of an agar plate the colonies were round and smooth, and were indistinguishable from those of the MS type.
This form of variant was designated as NS (nonmotile smooth).
Compact Colonies (Nonmotile Rough).--When bacilli from the
NS form of colony were cultivated in broth at 37°C. for several weeks and again plated in semi-soii d medium, the same type of compact colony appeared. After this procedure, however, when the bacilli were transferred to broth the growth in some of the tubes was different. Instead of the usual homogeneous, cloudy, growth clumps formed which precipitated. The bacteria from these clumps were nonmotile. In the semi-solid medium compact colonies were formed which were indistinguishable from those of the NS form. When an agar slant culture of these organisms was suspended in normal saline solution, the growth precipitated in large flakes. Surface colonies on agar plates were rough, granular and irregular, and were indistinguishable from the M R form.
T A B L E I I
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This form was designated as N R (nonmotile rough). The characteristics of the 4 forms described above are tabulated in Table I .
In plating the old broth culture as described above, the homogeneous (normal M S ) colonies predominated. The irregular and compact colonies comprised roughly speaking, 1 or 2 per cent of the total. (10) demonstrated that R forms of B. typhosus and B. dysenteriae agglutinated spontaneously in 0.85 per cent saline solution while the S types did not. This test was used to distinguish the R from the S bacteria. In the present work, the test was performed as follows:
Further Differential Tests Salt Sensiti~eness.--Arkwright
Solutions of magnesium chloride and of sodium chloride were used as shown in Tables II and III . Bacteria from 24 hour agar slant cultures of each of the 4 forms were suspended in distilled water. This suspension was added to the various dilutions of the series of the 2 salt solutions and incubated at 50°C. for 2 hours. The reactions were observed at the end of 2 hours and again after the tubes had remained in the refrigerator for 24 hours. Tables II and III . The M R and NR forms were clumped by both magnesium chloride and sodium chloride while the MS and NS forms were not. The magnesium chloride was more effective than the sodium chloride.
TABLE III
Reaction of the Four Forms of Hog Cholera Bacillus in Sodium Chloride Solution
Survival in Normal Rabbit Serum.--Since the R forms of certain other bacteria are more subject to phagocytosis and destruction than the S forms, attempts were made to test the difference in resistance of the 4 forms of hog cholera bacillus to the bactericidal action of normal rabbit serum.
Broth cultures of the 4 forms of hog cholera bacilli were diluted 1:1,000,000 in saline. One part of each suspension was mixed with five parts of normal rabbit serum in small tubes. A control set of the bacterial suspension was mixed in normal saline solution. The tubes were incubated at 37°C. for an hour after which 0.2 cc. from each tube was plate& The number of colonies on each plate was counted after 24 hours incubation. Organisms of the MS and NS forms were resistant to the serum and many colonies appeared on the plate, but only a few of the bacteria of the M R and N R forms survived the effects of the serum, and far fewer colonies appeared when these forms were plated. The results are shown in Table IV . Other tests when applied to the 4 forms failed to show any striking differences. Bacilli from all 4 forms were Gram-negative, short rods. All forms fermented dextrose, mannite, maltose and xylose and produced acid and gas. Lactose, sucrose and arabinose were not fermented. The action on dulcite was irregular, differences in the rate of fermentation appearing even in a series of tubes inoculated with bacilli derived from a single colony. Indol and hydrogen sulphide were not produced by any of the bacilli.
DISCUSSION
For the differentiation of the original form of hog cholera bacillus and its 3 variant forms both semi-solid and solid agar media were DISSOCIATION O~" HOG CHOLERA BACILLUS. I employed. It is obvious that the examination of the colonies produced by each of the 4 forms of bacilli on the surface of agar plates alone, serves only to distinguish broadly the smooth from the rough strains. The dry surface of the agar inkibits migration of the motile bacilli and prevents contrast between the motile and nonmotile forms. For this reason, among the surface colonies on agar, it was only possible to differentiate the smooth (MS, NS)forms from the rough (MR, NR) forms. Even under these conditions the differences between the S and R forms were often not decisive. Further microscopic tests are necessary to determine motility. No differences were detected macroscopically between the MR and the NR colonies on the one hand a~ld between the MS and NS colonies on the other. When colonies of the 4 forms grow under the surface in semi-solid media motile and nonmotile characteristics appear. The semi-solid medium permits migration of the motile bacilli which form large diffuse ,colonies while the nonmotile bacilli form minute compact colonies. Thus it follows that the motile smooth (MS) colonies, which on agar surfaces appeared like the nonmotile smooth (NS) colonies, now become many times larger than the NS colonies due to the centrifugal migration of the motile (MS) bacilli. At the same time the semi-solid medium permits spontaneous agglutination of the motile rough (MR) bacilli, which form clusters of secondary colonies thus adding another macroscopic differential feature. Differentiation between the 2 forms of small, compact colonies, nonmotile smooth (NS) and nonmo~e rough (NR), is not as clear in the semi-solid media as on agar surfaces ~nce neither form is motile. On agar plates the smooth and the rough surfaces of the colonies serve to differentiate the NS from the NR form. Therefore, for a complete differentiation of the 4 forms several tests are desirable: growth on agar plates, growth in semi-solid media, and microscopic tests or growth in broth to determine clumping of the rough forms.
SUMMARY
When the "normal" MS form of hog cholera bacillus was grown for 3 weeks in broth and subsequently plated in semi-solid media, 2 vari~at forms appeared, a motile rough (MR) form and a nonmotile smooth (NS) form. The NS form subsequently gave rise to a third variant, namely, the nonmotile rough (NR) form.
It is evident from the observations reported that in the case of the hog cholera bacillus the simple S and R conception of microbic dissociation is inadequate to account for the several variant forms. It appears necessary to combine the S and R with the H and O or the flagellar and somatic antigen conception to account for thephenomenon.
The dissociation is represented by the following diagram:
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